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Abstract.  We report on the fabrication and electronic transport characterisation of Schottky-gated strongly confined 
Si/SiGe quantum point contacts (QPC).  At zero magnetic field and T=450mK the QPC conductance as a function of 
gate voltage shows a quantization in units of e2/h, indicative of transport through 1D modes which appear to lack both 
spin and valley degeneracy.  
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INTRODUCTION 
Despite the high quality reached in the last decade 
for the Si/SiGe two-dimensional electron gas (2DEG), 
only recently significant progress has been achieved in 
obtaining high confinement of charge carriers and 
effective gating action on Si/SiGe quantum devices.[1, 
2]  
This allows also for the Si electron gas conductance 
investigations that have previously been restricted to 
GaAs systems. In this paper we report on the 
fabrication of highly confined Si/SiGe etched quantum 
point contact efficiently controlled by Schottky gates 
and discuss the presence of a surprising e2/h 
conductance quantization. 
EXPERIMENTAL 
We fabricated Schottky-gated QPCs on high 
mobility Si/SiGe 2DEG. The Si/SiGe 2DEG 
heterostructure was grown by chemical vapour 
deposition on Si(001) substrates. At T=300mK, the 
value of the 2DEG carrier density, estimated from 
low-field Hall measurements on mesa-etched Hall 
bars, was 9.8x1011cm-2 and the electron mobility 
4.1x104cm2/Vs. From these values we estimate a 
mean-free path of the 2D unconstrained carriers of the 
order of 500 nm. [2] The QPCs were obtained by 
confining the 2DEG in a double-bend like geometry by 
electron-beam lithography (EBL) and reactive ion 
etching. In Fig. 1 we report a scanning electron 
micrograph of a complete device. 
 
FIGURE 1.  Scanning electron micrograph of a Si/SiGe 
etched quantum point contact controlled by a Schottky top-
gate. 
The QPC is formed by the narrow conducting 
channel (lithographic width w ~ 170 nm, effective 
width much smaller due to lateral depletion) that 
originates at the 2DEG mesa protrusions labeled S and 
D in Fig. 1. By EBL and lift-off we patterned a 5/30-
nm-thick Ti/Au 100nm-wide finger gate crossing the 
central constriction and folding along the etched 
surfaces of the constriction; the electric field imposed 
by the gate on the lateral walls is screened by the 
surface states so that in this configuration the gate 
varies the carrier concentration without changing the 
width of the QPC.[3] At T=450mK the leakage from 
the Schottky gate (active area less than 0.1x0.16µm2) 
to the 2DEG was negligible (leakage current IGATE<0.2 
pA) in the -2V to +1V gate voltage range. This large 
available working range enabled a full control of  
electronic transport through the QPC from conduction 
to depletion.  
RESULTS AND DISCUSSION 
Electronic transport characterisation of the QPC 
devices was performed at T = 450 mK in a 3He 
refrigerator at zero magnetic field using standard ac 
low frequency lock-in techniques. The linear 
conductance G versus the gate voltage VG is reported 
in Fig. 2(a). The curve was corrected to take in account 
for a series resistance RS= 19.4 kΩ, originating from 
both the outer 2DEG mesa structure as well as the 
source and drain contacts. The conductance shows 
clearly a staircase with plateau-like structures close to 
multiple integers of e2/h, suggesting transport through 
1D modes in with both spin and valley degeneracy 
appear removed at zero magnetic field. The data were 
highly reproducible upon sweeping the gate from 
positive to negative voltages or cycling the 
temperature from 450 mK to room temperature.  
 
FIGURE 2.  Electronic transport characterisation of the 
Si/SiGe QPC at T = 450 mK. (a) Conductance vs. gate 
voltage exhibiting e2/h quantization. (b) Finite source-drain 
bias spectroscopy showing the presence of a integer plateau 
that at finite VSD evolves in a half  e2/h plateau. 
 
To gain insight into the e2/h quantization, finite 
source-drain bias spectroscopy was performed by 
measuring the non-linear conductance G versus 
source-drain bias VDS at different VG. In Fig. 2(b) we 
report the curves measured by changing the gate 
voltage in the range where the linear conductance in 
Fig. 2(a) develops the e2/h feature. The data were 
corrected to take in account the presence of an 
electrostatic self-gating effect and, again, of a series 
resistance. The G-VSD curves show an evolution with 
the gate voltage as expected for the e2/h quantization. 
Several curves bundle at VSD ~ 0 mV at the 
conductance value e2/h in the gate voltage range where 
the G-Vg curve developed the e2/h plateau [VG ~          
-0.3125 V, label (a)]; this integer plateau evolves into 
a half-integer plateau  (G ~ 0.5 e2/h) as the source-
drain bias is increased to a finite value [VSD~4mV, 
label (b)]. From the VSD position of the half-integer 
plateau we estimate the energy spacing between the 
first two 1D subband ∆E ~ 4 meV, indicating that 
significant quantum confinement is achieved in the 
device. At large negative gate values [label (c)], there 
is no conduction at VSD ~ 0 mV meaning that the 
Fermi level is below the onset of the first 1D band. 
The behaviour of the linear and non-linear 
conductance upon changing the gate bias can be 
explained considering adiabatic transmission through 
1D modes with complete removal of valley and spin 
degeneracies. In a Si 1D electron gas the conductance 
quantization was previously found in units of 4e2/h, as 
expected in a valley and spin degenerate electron 
gas.[4] In our devices the removal of the valley 
degeneracy is likely to be the result of the strong 
confining potential; more unexpected is the presence 
of the e2/h plateau at zero magnetic field and evidence 
for the e2/h quantization. Recently an unexpected e2/h 
quantization was reported also in carbon nanotubes.[5] 
These findings might be closely related to the “0.7 
anomaly”, a spin-related phenomenon observed at zero 
magnetic field in clean 1D GaAs systems which is 
assumed to signal the occurrence of non negligible 
correlation effects. [6] 
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